Introduction
============

Ureteral duplication may be found in up to 2% of the general population. Although the majority of ureteral duplications are uncomplicated and asymptomatic, up to 30% of patients with duplication may have evidence of renal disease.[@b1-rsrr-4-045] Embryologically, ureteral duplication occurs due to abnormal branching of the ureteric bud off the mesonephric duct. As described by Weigert and Meyer, so termed the Weigert--Meyer law, the upper pole ureter typically arises closer to the Wolffian duct, resulting in an upper pole ureteral orifice that migrates caudally and medially. Thus, the upper pole system is more commonly obstructed from this ectopic insertion and/or an associated ureterocele. Conversely, the lower pole system is often located more laterally, with a shorter intramural tunnel. This anatomy more often results in vesicoureteral reflux (VUR) to the lower pole system.[@b2-rsrr-4-045]--[@b4-rsrr-4-045]

Complications of ureteral duplication associated with ureteral ectopia include obstruction with a risk for recurrent urinary tract infection (UTI) or demise in renal function of the upper pole moiety. In women, ureteral ectopia can result in incontinence owing to abnormal insertion below the urinary sphincter within the urinary tract or into Mullerian structures, such as the vagina or uterus. Incontinence is not classically seen in boys with ureteral ectopia as the ectopic ureters are generally proximal to the external sphincter such as within Wolffian structures.[@b5-rsrr-4-045] Indications for intervention on the upper pole ureter in a duplicated system include progressive obstruction with a concern for future renal function, recurrent infections, pain, or incontinence.[@b6-rsrr-4-045],[@b7-rsrr-4-045] Meanwhile, symptomatic VUR of the lower pole system may present with recurrent febrile UTIs.[@b8-rsrr-4-045] Although some debates exist regarding the optimum approach for the upper urinary tract in a duplicated system, ipsilateral ureteroureterostomy is a safe and effective strategy to manage upper pole ureteral obstruction or reflux, and adoption of the robotic platform for this technique has shown promising early results.[@b6-rsrr-4-045],[@b9-rsrr-4-045]--[@b11-rsrr-4-045] The objective of this study was to provide a narrative review on the evaluation and management of ureteral duplication as well as to discuss alternatives, technical considerations, and outcomes for robotic ureteroureterostomy (RUU).

Methods
=======

In order to assess the outcomes of RUU in children, a PubMed search was performed for all the articles published within the past 10 years, including patients aged \<18 years with MeSH terms of "ureterocele," "duplicated ureter," or "ureter" and "laparoscopic surgery". The abstracts were reviewed from a total of 115 articles. The articles not including ureteroureterostomy performed with a robotic platform were excluded. However, the articles including ureteroureterostomy for stricture, rather than pathologies associated with duplication, were included. A total of 5 articles were included for the assessment of outcomes of RUU. No Institutional Review Board (IRB) approval was required for the literature review.

The authors' institutional data were reviewed retrospectively, assessing all children undergoing RUU from 2009 to present. Indications, complications, and follow-up were captured by using an IRB-approved robotic database. No IRB approval was required for the literature review.

Benefits of robotic-assisted surgery
------------------------------------

Although the history of robotic-assisted surgery spans back several decades, the widespread da Vinci© system was introduced in 1999 and the first surgeries using this platform were described soon thereafter.[@b12-rsrr-4-045],[@b13-rsrr-4-045] Numerous applications of the robotic-assisted platform have been described in pediatric urology.[@b14-rsrr-4-045] This platform offers several advantages to conventional laparoscopy. Wristed instrumentation allows for expanded degrees of freedom, simplifying intracorporeal suturing and tissue manipulation. Visualization is improved with three-dimensional camera systems, enabling more accurate depth perception for the surgeon. In addition, positioning of the surgeon at the robotic console offers ergonomic surgeon benefit, which may improve surgeon fatigue for longer surgical cases.[@b13-rsrr-4-045]

Evaluation
----------

Evaluation of a child with a suspected clinically significant ureteral duplication should begin with a thorough history and physical examination. Antenatal history should focus on abnormal renal ultrasound findings or history of oligohydramnios. Ureteral duplication and ureteroceles account for 5%--7% of all causes of antenatal hydronephrosis; however, in the absence of significant bilateral disease, oligohydramnios would not be expected.[@b15-rsrr-4-045] A history of UTIs or unexplained fevers should be explored, including the presence of fevers during the UTI, a need for intravenous antibiotics, and organism type and antibiotic-resistance patterns. In older children, primary persistent incontinence may suggest ureteral ectopia in girls. These girls typically present with a life-long history of incontinence without any successful period of toilet training. The incontinence is typically persistent without any "dry" periods, day or night. Pain is not a typical presentation for chronic obstruction, and the character, location, and timing of pain should be carefully elucidated.

Physical examination is often normal in these children. Screening for hypertension is an important assessment when evaluating for renal health. Rarely, infants with a severe hydronephrotic segment may have a palpable mass; however, when present, it typically represents hydronephrosis from a nonduplicated ureteropelvic junction obstruction. A genitourinary examination in girls may reveal active urinary incontinence or even an ectopic ureteral orifice inserting in the distal vagina or Gartner's duct. The assessment of prior medical and health histories is important for surgical planning and risk assessment. Reoperative pediatric robotic surgery is feasible; however, prior abdominal surgeries may increase the risk of intraperitoneal adhesions, making laparoscopic surgery difficult, if not impossible.[@b16-rsrr-4-045],[@b17-rsrr-4-045]

Imaging typically begins with a renal bladder ultrasound, which can reveal upper tract dilation and provide insight into the health of upper pole renal parenchyma. Furthermore, tracing the dilated ureter to the level of the bladder can demonstrate an ureterocele or give suggestion to ureteral ectopia as the dilated ureter extends beyond the bladder ([Figure 1](#f1-rsrr-4-045){ref-type="fig"}). Although an ultrasound may lack sensitivity to detect renal duplication in all cases, a diseased duplicated renal segment should easily be seen on standard ultrasonography. A nuclear medicine (NM) renogram can provide input as to upper pole function. This study could prove useful to provide baseline function. Renograms are also helpful if the functional potential of the upper pole moiety is in doubt and the surgeon is considering an extirpative procedure. However, routine NM renography may not be necessary to determine split polar function if this information did not influence the surgeon's reconstructive decisions.[@b18-rsrr-4-045] Voiding cystourethrography is important to evaluate for ipsilateral lower pole VUR as an upper to lower pole ureteroureterostomy is contraindicated in the setting of lower pole VUR unless the lower pole reflux is also addressed.[@b6-rsrr-4-045],[@b9-rsrr-4-045] Magnetic resonance imaging with urography (MRU) can provide additional, detailed anatomic assessment, though typically at the cost of a general anesthetic, particularly in young children.[@b19-rsrr-4-045] An MRU also has the ability to objectively assess split and absolute renal function.[@b20-rsrr-4-045] However, the authors found that, in most cases, US and NM renography can provide sufficient information for surgical decision-making, acknowledging that additional anatomic information can be gathered during cystoscopy and retrograde pyelography at the time of the planned procedure.

Management strategies for obstructed upper pole segment in a duplicated system
------------------------------------------------------------------------------

Wide surgeon variation exists for the management of duplicated systems, especially in the setting of an associated ureterocele. Many surgeons cite the preservation of renal function and prevention of future symptoms as contributing factors to decision-making.[@b21-rsrr-4-045] Observation can be considered for asymptomatic, nonobstructed ureteroceles in duplicated collecting systems.[@b22-rsrr-4-045] Ureterocele puncture is typically a first-line approach in very young or symptomatic children but has been associated with a high rate of further intervention, especially in ureteroceles associated with duplicated collecting systems.[@b23-rsrr-4-045],[@b24-rsrr-4-045] However, neither observational nor endoscopic approaches have been described for symptomatic ectopic ureters.

When surgical correction is considered, strategies can be divided into upper and lower urinary tract management. Lower tract management is typically accomplished with common sheath ureteral reimplantation. Such a strategy addresses the anatomical abnormality as distal as possible, "normalizing" anatomy. Managing the ureters within the common sheath may be more favorable to the distal ureteral blood supply of both ureters. However, common sheath reimplantation requires substantial mobilization of the lower pole ureter and may be unnecessary if the lower pole does not reflux. Furthermore, a true common sheath approach is not feasible with a widely ectopic upper pole ureter.[@b25-rsrr-4-045]

Upper tract management strategies may be extirpative or reconstructive. Upper pole heminephrectomy has been advocated in order to remove a diseased renal segment that may be a source of hypertension or infection in the future. However, such an approach is technically challenging, especially when performed via minimally invasive techniques. Dissection around the renal hilum poses a risk to the lower pole moiety with up to 17% of patients showing decline in postoperative ipsilateral renal function and a 5% rate of complete or significant renal loss.[@b26-rsrr-4-045],[@b27-rsrr-4-045] In the select patients with a nonfunctioning upper pole and ureteral ectopia resulting in incontinence, selective ureteral clipping via a laparoscopic approach has been described.[@b28-rsrr-4-045]

An alternative strategy that avoids dissection around the lower pole hilum is an upper to lower pole ureteroureterostomy. Such an approach has been described at the level of the renal pelvis as well as at the level of the pelvic brim, the latter initially raising concerns regarding the so-called "yo-yo reflux" due to the iatrogenically created "y" duplication.[@b6-rsrr-4-045],[@b7-rsrr-4-045] A number of series of ipsilateral ureteroureterostomy have been described with no concern for the yo-yo reflux phenomenon when performed more distally.[@b6-rsrr-4-045],[@b9-rsrr-4-045] At the risk of exposing the lower pole recipient ureter to additional harm, this strategy relieves the obstruction of the upper pole while minimizing risk to the upper pole renal parenchyma and negating the complications that may occur with lower tract management.

Management strategies for reflux into a duplicated system
---------------------------------------------------------

If present, VUR will typically occur into the lower pole of a duplicated system.[@b29-rsrr-4-045] Ureteral duplication has been associated with lower rates of spontaneous resolution of VUR, although spontaneous resolution may still occur in these patients.[@b30-rsrr-4-045],[@b31-rsrr-4-045] However, there is no evidence to show a higher rate of breakthrough infections in this population. As such, initial management with prophylactic antibiotics is still warranted with indications for surgical intervention based on the failure of antibiotic prophylaxis.[@b8-rsrr-4-045]

Subureteric injections of a bulking agent, such as dextranomer/hyaluronic acid, have been successfully used for VUR in duplicated systems, although the success rates may be lower than for nonduplicated systems.[@b32-rsrr-4-045],[@b33-rsrr-4-045] Ureteral reimplantation, as discussed above, often requires a common sheath approach with an inherent risk to the healthy ureter.[@b25-rsrr-4-045] As such, ipsilateral ureteroureterostomy, in this scenario anastomosing the refluxing lower pole ureter into the healthy upper pole system, has been successfully utilized for the management of VUR in the select cases.[@b29-rsrr-4-045],[@b34-rsrr-4-045]

Surgical technique for robotic ureteroureterostomy
--------------------------------------------------

When undertaking a robotic endeavor, it is important to develop institutional knowledge of the technology.[@b35-rsrr-4-045] This includes ensuring familiarity of the room setup for the anesthesiology team, operating room nurses, and surgical technicians. The patient must be positioned in the room in a way to allow robotic docking with consideration to lighting arrangements, visual monitors, anesthesia setup, and the sterile field.

General anesthesia with an endotracheal tube and muscle paralysis is necessary. An orogastric tube is placed to decompress stomach prior to port placement. The patient is first placed into lithotomy position for a cystoscopy, wherein a double coil stent is placed in the ipsilateral lower pole ureter. Although the stent can also be placed intracorporeally in an antegrade--retrograde fashion, the preplacement of the stent is less challenging and enables intraoperative identification of the recipient lower pole ureter, especially if the difference in ureteral dilation between the two ureters is minimal. Following cystoscopy, a Foley catheter is placed and the patient is positioned in a modified flank position with the side of surgical interest oriented upward. The patient is secured to the table, and all exposed pressure points are well padded. The surgeon must ensure no barriers, such as IV poles or anesthetic tubing, to robotic arm movement on the patient during positioning. Positioning is especially important as the surgeon will be at the console for the majority of the case, and following draping, identification of positional issues will become more difficult.

Although initial intraperitoneal access can be obtained with either a Veress or Hasson technique,[@b36-rsrr-4-045] a Hasson technique via the natural fascial opening at the umbilicus to allow the placement of an 8.5-mm camera port was preferred. Additional ports were then placed under direct vision superiorly and inferiorly at the midline. Often in smaller infants, the inferior port will be placed across the midline away from the site of interest in order to allow enough intracorporeal working space for the inferior robotic arm ([Figure 2](#f2-rsrr-4-045){ref-type="fig"}). Unlike in adults, 8 cm spacing between ports is not necessary to prevent robotic arm collisions.[@b37-rsrr-4-045] This is due to the smaller working space required in the surgical field, negating the necessity for wide arm movements extracorporeally. Furthermore, the pliability of the young child's belly affords a proportionally larger expansion of abdominal space upon distention, thereby creating more separation between ports once insufflated. Practically, it is often necessary due to the patient size to place these ports much closer together ([Figure 2](#f2-rsrr-4-045){ref-type="fig"}). Due to the laxity of the abdominal wall in pediatric patients, ports are often pulled upward, or "burped," to provide additional working space during robotic docking. Bedside assistance can be provided by a 5-mm assistant port, which, if anticipated, is most efficiently placed prior to docking to allow direct visualization of the port placement. Unlike in adult laparoscopy, 5 mm ports are subject to herniation even in port sites as small as 3 mm.[@b38-rsrr-4-045] Alternatively, a 14-gauge angiocatheter can be used as an assistant port, which has the capacity to introduce a 5F ureteral catheter connected to suction, 2-mm cystoscopic graspers for tissue retraction, or cystoscopic scissors for suture cutting.[@b39-rsrr-4-045]

Consideration of available instrumentation is important prior to planning the port placement. The Intuitive da Vinci© does make 5-mm robotic ports with compatible instruments including scissors, needle drivers, graspers, and a monopolar hook. However, restrictions of the 5-mm instrumentation include lack of bipolar electrocautery and limitation of monopolar cautery to the hook instrument. Furthermore, the wristed motion of the 5-mm instruments is more proximal than that of the 8-mm instruments, which may limit surgeon motion in situations where intracorporeal space is limited. For these reasons, using the 8-mm instruments was preferred, which allows for a greater selection of instrumentation including monopolar and bipolar cautery for a variety of instruments and fine needle drivers. Furthermore, 8-mm ports still result in a very acceptable postoperative cosmetic result ([Figure 3](#f3-rsrr-4-045){ref-type="fig"}).

Following port placement, the patient is placed into Trendelenburg position, often while tilting the table laterally in order to allow the bowel to drop away from the area of interest at the pelvic brim. As the robotic docking may limit surgical movements to a single quadrant, laparoscopic dissection is sometimes undertaken prior to docking in order to ensure adequate definition of the operative field. Once the ureters are identified at the pelvic brim, the robot is docked over the patient's ipsilateral hip. The peritoneum is incised, and the donor ureter is first mobilized. If the child has suffered from UTIs, there is often a thick rind of tissue overlying the abnormal ureter. After sufficient dissection of the donor ureter, attention can then be turned to the recipient ureter. One must be certain of the ureteral anatomy prior to anastomosis, since an end-to-side anastomosis of the incorrect ureter could have devastating results. Often, the donor ureter, especially when obstructed or subject to severe VUR, is much more dilated than the recipient ureter, which aids in the identification of the correct ureter ([Figure 4A](#f4-rsrr-4-045){ref-type="fig"}). In addition, the identification of the stent within the recipient ureter further ensures a correct understanding of the anatomy prior to proceeding. The recipient ureter should undergo as minimal dissection as possible in order to ensure adequate blood supply and minimize iatrogenic damage to the healthy ureter. Furthermore, too much upward traction on the recipient ureter could dislodge the ureteral stent by pulling the distal end proximal to the ureterovesical junction. If the surgeon is concerned regarding the status of the distal end of the stent, intraoperative imaging should be obtained to confirm the stent placement. The donor ureter is transected at the area of the anticipated anastomosis. Transecting the donor ureter first enables the surgeon to assess the size required for the recipient ureter ureterotomy, which should be as long as the width of donor ureter. In order to allow an accurate incision, the ureterotomies are typically made with fine robotic Potts scissors. A thin ellipse of ureter is excised from the recipient ureterotomy to allow a wide enough opening for the anastomosis. After the ureters have been prepared, an end-to-side anastomosis is undertaken. We recommend transecting the donor obstructed upper pole ureter prior to opening the recipient because, once transected and decompressed, the upper pole ureter frequently retracts cephalad, thereby changing the anticipated insertion point on the recipient ureter ([Figure 4B](#f4-rsrr-4-045){ref-type="fig"}). Although there are a variety of strategies for the anastomosis, it was preferred to use monofilament dissolvable suture in a running fashion along the anterior and posterior edges of the anastomosis. Furthermore, 5-0 poliglecaprone for older children and 6-0 synthetic composite suture of glycolide, dioxanone, and trimethylene carbonate (Biosyn™) for younger children were preferred. Importantly, the sutures should be dyed to allow adequate visibility for the surgeon ([Figure 4C](#f4-rsrr-4-045){ref-type="fig"}). For finer suturing, using the diamond-tipped needle drivers was preferred. Typically, the suture is cut to 12--14 cm to allow adequate length for each side of the anastomosis. Fastidious communication must be ensured during needle passage with the bedside assistant to ensure the needle is not lost during transfer. If required, a 2-0 polydioxanone suture on an SH needle that has been straightened (or "skied") can be placed percutaneously by the bedside assistant to allow for traction on the donor ureter during the anastomosis (hitch stitch).

One discernible intraoperative benefit of the robotic approach is improved pelvic visibility for the dissection of the distal ureteral stump. An aggressive approach toward the resection of the distal abnormal ureter must be weighed against the risks of a residual ureteral stump.[@b40-rsrr-4-045] In an open surgery, visibility in the deep pelvis may be limited. However, the robotic platform allows for improved visualization into the pelvis and a more accurate dissection of the distal ureteral stump ([Figure 4D](#f4-rsrr-4-045){ref-type="fig"}).[@b41-rsrr-4-045] This situation is somewhat analogous to the experience of robotic-assisted nephroureterectomy in the adult population.[@b42-rsrr-4-045] Therefore, distal dissection can be performed with care to avoid injury to the normal ureter as well as either Mullerian or Wolffian structures. However, an ectopic ureter into the bladder neck should be approached with caution, as extensive dissection could impair the continence mechanism at the level of the sphincter. Any remaining distal stump is oversewn in the case of reflux into that ureteral moiety or left open, if reflux is absent. If the system is obstructed, residual urine from the distal stump can be aspirated with suction.

Upon the completion of the case, the authors will typically instill aerosolized bupivacaine within the peritoneum for perioperative analgesia.[@b43-rsrr-4-045] Owing to the risk of port site hernia, all port sites are closed under a direct vision at the level of the fascia.[@b38-rsrr-4-045]

Postoperative course
--------------------

Patients were admitted to the general care floor for observation postoperatively. Care of postoperative upper tract reconstruction has been standardized at the institution. All the patients received around-the-clock oral acetaminophen and ketorolac once urine output was adequate (\>1 mL/kg/h), with the goal of minimizing postoperative narcotic utilization. In addition, all the patients also received stool softeners and/or laxatives to minimize constipation postoperatively. A Foley catheter was left for drainage, for typically 1--2 days postoperatively. Once the catheter was removed, the patients were instructed to perform timed voiding in order to minimize urine holding patterns. Recognizing the presence of lower urinary tract symptoms preoperatively is important to optimize postoperative bladder hygiene. The presence of preoperative lower urinary tract symptoms has been associated with a higher risk of early postoperative complications in a population of children undergoing stented pyeloplasty, and extrapolating this to other upper tract reconstruction, the presence of a ureteral stent associated with underlying voiding dysfunction may lead to a reflux of urine across the ureterovesical junction and additional strain on the anastomosis.[@b44-rsrr-4-045]

Following discharge, the patients returned for a removal of the ureteral stent under general anesthetic in 2--4 weeks. Antibiotic prophylaxis was typically not used as no data supported the use of antibiotic prophylaxis in children with indwelling ureteral stents.[@b45-rsrr-4-045] The first postoperative ultrasound was typically obtained \~4--6 weeks following stent removal, and the authors preferred to follow the patients every 6--12 months with renal ultrasonography thereafter.

Complications of ureteroureterostomy
====================================

Complications of ureteroureterostomy can include complications at the anastomosis, injury to the lower pole ureter or nearby structures, and risks of the retained ureteral stump. As with any anastomosis, urine leak can occur; however, this may be minimized by ureteral stenting. Although robotic pyeloplasty has been described without ureteral stents, the authors were unaware of any such data investigating a stentless approach in RUU.[@b46-rsrr-4-045] Regardless of the use of a ureteral stent, certain surgical principles must be maintained to minimize the risk of urine leak. Adequate dissection of the obstructed upper pole ureter can minimize tension, allowing for a tension-free anastomosis. Furthermore, adequate mucosal approximation to achieve a watertight anastomosis is of paramount importance. Salient to the concept of ureteral stenting, the presence of a ureteral stent across the ureterovesical junction will allow reflux of urine across the anastomosis in an otherwise nonrefluxing system. Therefore, the authors believed that screening for and managing any bowel--bladder dysfunction in the older population, typically with a focused history detailing bladder and bowel habits and episodes of incontinence, are important to reduce the risk of postoperative urine holding, which may place pressure on the anastomosis. Urine leak following transperitoneal RUU will likely present with as an ileus, with abdominal pain, nausea, and vomiting caused by peritoneal irritation from urine.[@b47-rsrr-4-045] Creatinine may be elevated if there is an abundance of intra-abdominal urine, indicating peritoneal resorption. Ultrasound may reveal an urinoma or fluid collection around the site of the anastomosis but may also just reveal free fluid in early manifestations of leak. Although excretory urography with computed tomography, intravenous urography, or retrograde pyelography may reveal a urine leak, often the clinical setting of ileus and ultrasound findings of free fluid or an urinoma can guide management, including maximal bladder decompression with a Foley catheter. If the condition of the patient does not improve or the patient has severe presentation, percutaneous nephrostomy could be considered; however, one must be cognizant of the relevant anatomy in choosing which of the renal moieties, if not both, should be drained. Reoperation could be considered in the setting of failed drainage.

Stricture could develop at the site of the anastomosis in the setting of devascularization of the upper or lower pole segment. Careful tissue handling and judicious use of electrocautery will help to minimize this complication as well as ensuring that the anastomosis is not under any tension. Stricture may present with increasing hydronephrosis, pain, or UTI in the follow-up. Ultrasonography may show hydro-ureter to the anticipated point of the anastomosis, and an NM renogram can demonstrate poor drainage curves. However, definitive assessment of the narrowing should be evaluated with a retrograde pyelogram. Importantly, if stricture develops at the Y anastomosis, both upper and lower pole moieties may be placed at risk. Some debates exist over if ureteral size discrepancy, as defined by a donor ureteral diameter \>2 times the diameter of the recipient ureter, impacts success rates. Although ureteral size discrepancy has been noted in many series of open ureteroureterostomy, there does not seem to be an impact on success rates, provided that the ureterotomy on the recipient ureter is wide enough to accommodate the entire diameter of the donor ureter.[@b9-rsrr-4-045],[@b29-rsrr-4-045],[@b48-rsrr-4-045],[@b49-rsrr-4-045]

Complications related to the retained ureteral stump following upper tract management of duplicated collecting systems are well documented and may be a future source for infection or rarely pain. The data mostly from upper pole heminephrectomy series suggested up to a 10% risk of complications from the ureteral stump.[@b50-rsrr-4-045],[@b51-rsrr-4-045] Typically, a refluxing stump will be oversewn while a nonrefluxing stump will be left open, so as not to create an iatrogenically closed system. Efforts to reduce the complications of the distal stump include resection as far distal as technically feasible. However, the risks of complete ureteral resection may outweigh the risks of a retained ureteral stump.[@b40-rsrr-4-045] Importantly, the common sheath of the duplicated ureters involves the distal 2--3 cm of each ureter; however, this may vary in widely ectopic ureters.[@b9-rsrr-4-045] As such, dissection into this area during surgical excision places the normal lower pole ureter at risk. One strategy to mitigate this risk is to resect as much stump as feasible, while leaving the back wall of the abnormal ureteral stump on the common sheath, in an effort not to disrupt the common sheath blood supply.

Outcomes
========

To the authors' knowledge, 5 series of RUU have been published in the pediatric literature with a total of 47 patients.[@b41-rsrr-4-045],[@b52-rsrr-4-045]--[@b55-rsrr-4-045] Passerotti et al published the first case series in 2008, including 3 patients with proximal ureteral strictures in nonduplicated systems.[@b54-rsrr-4-045] Leavitt et al published the first series of children undergoing ipsilateral RUU for ureteral duplication with obstruction.[@b52-rsrr-4-045] [Table 1](#t1-rsrr-4-045){ref-type="table"} summarizes the published experience to date with robotic-assisted ureteroureterostomy, in both primary ureteroureterostomy and ipsilateral ureteroureterostomy for duplicated systems. For series that report RUU for duplication, assistant ports were not typically utilized. The sizes of the robotic ports (5 vs 8 mm) were surgeon-dependent. Biles et al performed the anastomosis proximally, either to the unaffected renal pelvis or just off the lower pole of the kidney.[@b41-rsrr-4-045] Meanwhile, Leavitt et al utilized a more distal approach, and the approach was similar to that reported by Lee et al.[@b52-rsrr-4-045],[@b53-rsrr-4-045]

In the institutional experience, with a total of 24 patients over an 8-year period, the results were similar to those of the published studies, with comparable operative times and length of stay. Median follow-up in this series was 16 months. Two patients experienced postoperative UTI, one of which was a pyelonephritis requiring readmission, and one patient with a ureteral structure undergoing a primary ureteroureterostomy required a revision open ureteroureterostomy due to a recurrent strictur\~1 year following the initial procedure that was deemed too long for an endoscopic treatment. This patient has a solitary kidney and renal function returned to baseline following reoperation. A second patient required open revision of the upper to lower pole ureteroureterostomy owing to the obstruction at the anastomosis within the first month of surgery. Both the patients had complications that impacted both the upper and lower pole moieties of the diseased kidney.

As noted above, the short-term outcomes for RUU in the pediatric population are promising. Comparisons to an open approach are limited due to issues with selection bias and surgeon experience. However, Lee et al compared open and robotic approaches and found no significant differences in operative time or complication rates.[@b53-rsrr-4-045] In other series, the length of stay was comparable to what would be expected in open cases, and operative times were reasonable, if a bit longer, than that in the standard open approaches. However, only one series presented a follow-up time \>1 year, and these series are from experienced pediatric robotic surgeons, which may limit the generalizability across other centers.

Future directions
=================

Currently, RUU has been demonstrated to be safe and effective in short-term management of symptomatic ureteral duplication. However, as with all the new technologies and techniques, there remains a lack of intermediate or long-term outcomes. As robotic-assisted tissue handling does differ from that of open surgery, it is important to document the long-term durability of the repair. In addition, RUU has the theoretical benefit of improved management of the distal ureteral stump, and the rates of symptomatic ureteral stump infections or pain should be assessed to demonstrate this benefit. Although gold standard assessment would be a prospective randomized comparison to an open approach, this study would be difficult to perform given the low numbers of patients requiring ureteroureterostomy. However, surgeons should be encouraged to monitor their own outcomes with the hopes of validating this technique on a wider scale.

Cost containment remains a major concern in the current health-care environment.[@b56-rsrr-4-045] Robotic surgery is a cost-intensive technology and may not be cost-effective in the current health-care environment.[@b57-rsrr-4-045] In pediatric hospitals, the costs of robotic surgery-associated hospitalizations are equal as compared to nonrobotic correlates.[@b58-rsrr-4-045] Owing to high fixed costs, the cost per patient for robotic surgery is volume dependent. Furthermore, robotic surgery may become cost-effective if the length of stay is substantially reduced over the standard open approach.[@b59-rsrr-4-045] Many young children undergoing open ureteroureterostomy may only stay 1 full hospital day, and the open approach has even been reported as an outpatient procedure.[@b18-rsrr-4-045] To the authors' knowledge, a specific cost analysis for RUU in children has not been performed. Importantly, this analysis would likely reveal RUU to be more costly than the open correlate at present. However, costs of robotic surgery may decrease as additional robotic manufacturers enter the marketplace.[@b60-rsrr-4-045]

Debate currently exists as to the appropriateness of the robotic platform for a number of pediatric procedures. Robotic-assisted pyeloplasty has been shown to have consistently shorter hospital stays and comparable success rates to open surgery and has rapidly been adopted in the pediatric population.[@b61-rsrr-4-045],[@b62-rsrr-4-045] Although additional costs are a concern, the short-term outcomes of this procedure are well accepted.[@b62-rsrr-4-045] However, robotic-assisted ureteral reimplantation has been brought under higher scrutiny for concerns of high complications, lower success rates, and higher costs, as compared to open ureteral reimplantation.[@b63-rsrr-4-045],[@b64-rsrr-4-045] Early results in RUU are promising. However, there is likely a demographic "sweet spot" in which certain patients (ie, older and obese) may derive greater benefit from the minimally invasive approach. Defining these characteristics will be important not only for RUU but also across all types of robotic-assisted pediatric urological surgery.

Conclusion
==========

Ipsilateral ureteroureterostomy is a well-accepted treatment modality for duplicated collecting systems associated with either symptomatic VUR or obstruction. The robotic-assisted platform offers the surgeon the improved management of the distal ureteral stump, in addition to providing the typical benefits of a minimally invasive approach. Patient selection for RUU is similar to that for an open ureteroureterostomy; however, older children may derive more benefit from minimally invasive surgery. The early outcomes of RUU are promising, and future studies necessary to validate the longer-term results in a prospective fashion.
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![(Left) ultrasonographic images of a duplicated collecting system with upper pole hydronephrosis with parenchymal preservation marked by the orange arrow. (Right) images of the bladder and significantly dilated ureter extending distally beyond the bladder marked by the blue arrow.](rsrr-4-045Fig1){#f1-rsrr-4-045}

![Port placement for robotic ureteroureterostomy.\
**Notes:** The blue arrow indicates an umbilical 8.5-mm camera port, the yellow arrows indicate 8-mm robotic surgeon ports, and the red star indicates the area of typical assistant port placement, if required. Note that the distance between ports is only 5 cm, as indicated by the green arrows to the right.](rsrr-4-045Fig2){#f2-rsrr-4-045}

![Healed 8-mm port sites noted by the yellow arrows and healed 8.5-mm camera port noted by the blue arrow postoperatively. The yellow star indicates an alternative port site that may be required for smaller children. Note that the alternate port site crosses midline to the contralateral side to allow for adequate intracorporeal working space.](rsrr-4-045Fig3){#f3-rsrr-4-045}

![(**A**) Exposure of stented recipient ureter (orange arrow) and dilated, obstructed donor ureter (red arrow) at pelvic brim. (**B**) Transected donor ureter (red arrow) and spatulated recipient ureter (orange arrow) with hitch stitch for traction (green arrow). (**C**) Completed anastomosis of donor ureter (red arrow) and recipient ureter (yellow arrow) in an end-to-side fashion. (**D**) Exposure of distal obstructed ureteral stump (the red arrow) with visualization deep into the pelvis structures such as the vas.](rsrr-4-045Fig4){#f4-rsrr-4-045}

###### 

Summary of robotic-assisted ureteroureterostomy series published in the pediatric literature

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author                                               N    Age (mean)    Indications                                       LOS (days)   OR Time (min)   Complications                     Follow-up (months)
  ---------------------------------------------------- ---- ------------- ------------------------------------------------- ------------ --------------- --------------------------------- --------------------
  **Proximal Ureteral Stricture**                                                                                                                                                          

  Passerioti[@b54-rsrr-4-045]                          3    9.4 years     Proximal ureteral stricture (3)                   3.5          244             None                              11.6

  Smith[@b55-rsrr-4-045]                               2    8 years       Vascular obstruction of the proximal ureter (2)   1.3          283             None                              1

  **Duplicated Ureteral System**                                                                                                                                                           

  Leavitt[@b52-rsrr-4-045]                             5    61 months     Ureterocele (1)\                                  1.2          225             Pyelonephritis (1)                10
                                                                          Ectopic Ureter (1)\                                                                                              
                                                                          Unspecified (3)                                                                                                  

  Lee[@b53-rsrr-4-045]                                 25   6.1 years     Ureterocele (3)\                                  1.6          186             UTI (4)                           16.4
                                                                          Ectopic ureter (18)\                                                                                             
                                                                          Stricture (4)                                                                                                    

  Biles[@b41-rsrr-4-045]                               12   19.4 months   Ectopic ureter (12)                               2.1          167             Upper respiratory infection (1)   3

  Lendvay[\*](#tfn1-rsrr-4-045){ref-type="table-fn"}   24   5.4 years     Ectopic ureter (17) VUR (2)\                      1.9          183             UTI (2)\                          16
                                                                          Stricture (2) Ureterocele (3)                                                  Obstruction (2)                   
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Lendvay unpublished series.

**Abbreviations:** LOS, length of stay; OR, operating room; VUR, vesicoureteral reflux; UTI, urinary tract infection.
